Multiple sclerosis (MS) is a multifocal inflammatory disease that involves the central nervous system and associated with limbs paralysis and serious problems in sensation, limbs, visual and sphincter.
Introduction
Multiple sclerosis (MS) is a progressive nervous disease which is associated with chronic inflammation of the central nervous system (CNS) and subsequently axonal loss and myelin damage (1) . Although multiple factors are correlated to the MS development and progression, uncontrolled have MS disease (3) . Unfortunately, there is no definitive treatment for MS patients and current medications are focused on amelioration of symptoms and chronic inflammation. Furthermore, drugs with immunomodulatory and immunosuppressant properties serve as a diseasemodifying agent and provide partial efficacy to ameliorate autoimmune reactions (4) . Therefore, many studies have focused on molecular mechanisms of MS pathogenesis and its therapeutic strategies. Recent evidence has suggested that an appropriate treatment include the modulation or suppression of aggressive immune response, protection of neurons and axons against degeneration process, as well as improvement of repair or remyelination (5) .
Recent investigation has revealed that mesenchymal stem cells (MSCs) can modulate the immune response in MS patients (6) . Some studies have suggested the effectiveness of different stem cell types such as hematopoietic stem cells, cord blood and embryonic stem cells for neuroregeneration in these patients (7, 8) . The clinical application of stem cells against different diseases is rapidly increasing due to their effectiveness and safety properties (9, 10) . Many clinical trial studies have investigated clinical applications of MSCs and haematopoietic stem cells (HSC) (11) because these stem cells can be easily isolated from peripheral blood, adipose and bone marrow tissues, as well as umbilical cord (UC) blood and placenta (12) . They can be extracted from a small amount of adipose or bone marrow tissues and expanded in culture media to create a large population of cells for cell-based therapy (13) . Experimental studies showed that intravenous administration of MSCs has immune suppressive effect and ameliorates autoimmune diseases (14) . It is also shown that MSCs transplantation significantly improves the clinical outcomes of MS in experimental autoimmune encephalomyelitis (EAE) models (15) . Although recent investigations have reported the safety and effectiveness of stem cells for MS therapy, the actual underlying cellular and molecular mechanism of this event is not well-understood. Upon intravenous injection, MSCs are able to traffic into the brain lesions and improve the survival rate of brain cells. Some studies demonstrated axonal neuroprotection after MSCs therapy which is probably conducted via the synthesis of neurotrophic factors, and also immunomodulatory properties of MSCs (16) . For these reasons, many studies are investigating the effectiveness of stem cells in treatment of human neurodegenerative diseases such as MS.
MS types, signs and current treatments
MS can be divided into four main categories with different symptomatic observations, including (I) relapsing-remitting MS (RRMS), (II) primary progressive MS (PPMS), (III) secondary progressive MS (SPMS), and (IV) progressive relapsing MS (PRMS) (1) . The incidence of the RRMS is higher than the other types and associated with worsening attacks of neurological function. Nearly 85% of the MS patients are usually diagnosed with PRMS during their initial examinations. SPMS is a follow-up transition phase after RRMS (17) . This is associated with progressive and continuous worsening of neurological damage and found in about 10% of the cases. PRMS is the least common MS types which is associated with continuous progression of the disease with occasion exacerbations along the way (17) . The clinical signs and symptoms of MS are different from person to person. Eyes are usually the first and most commonly involved organs. Some patients may develop sensory and motor problems in hands and legs such as stinging, numbness, tingling, and difficulty in walking. Tinnitus or hearing impairments can be also found in these cases. The feeling of repeated urination, urine retention, incontinence in urination, and the loss of sexual ability are the other problems in MS patients. Furthermore, anxiety, depression, muscles pain, and difficulty speaking (18) .
Currently, there are several medications for MS treatment (19) . Methyl prednisolone (solomudrol or depomedrol), prophyrol, and betamethasone are commonly used for the disease control in these patients (20) . More than 30 different drugs such as amantadine and baclofen are available to control the disease symptoms. Interferon beta (Avenx A), interferon β2 (β-bronchodilated B), and glutaramasterate (Copaxone) are the most common medicines for the control of the disease progression. The other therapeutic methods for MS patients include occupational therapy, physiotherapy, speech and massage therapies and (21) (22) (23) .
Unfortunately, the current medications for MS are not efficient to target the deleterious effects of immune reactions (24) . An ideal therapeutic strategy for MS treatment should ameliorate or suppress the autoimmune responses, protect neurons and axons against degeneration process, and improve repair and remyelination. Recent evidences have suggested that stem cells, especially adult MSCs, can modulate the immune response in various diseases (25) . Induced pluripotent stem cells (iPSCs) are another type of stem cells that have the ability to modulate the autoimmune responses in CNS and induce remyelination and repairing (26) . However, the use of iPSCs has not been seen in any of the clinical trials and, thereby, further investigations are essential on the effectiveness and safety these cells. In the following parts, we will review the significance of stem cells in MS therapy by reviewing the available clinical trials.
Clinical trials for MS
Stem cell-based therapy has recently provided a hope for treatment of MS patients. It is now considered as a most preferred and noninvasive method for treatment of different diseases (26) . Stem cells have the unique ability to be differentiated to multiple cell types. This potential property of stem cell has increased its clinical applications (27) . Thanks to the new technologies, stem cells can easily be isolated from different sources of the body, especially from adipose and bone marrow tissues (28) . Upon stem cells injection into the cerebrospinal fluid (CSF) of the spinal cord, they can be differentiated into neuronal precursor cells and compensate the lost brain function (Figure 1 ). There are some clinical studies that investigated the effectiveness and safety of stem cells, particularly MSCs, in MS treatment.
MSCs
MSCs are multipotent and self-renewing stem cells that are able to be differentiated into several cell types such as chondrocytes, cardiomyocytes, osteocytes, adipocytes, hepatocytes, and neurons (29, 30) . They are often isolated from different tissues such as adipose, bone marrow and UC tissues (31) . They regulate the immune response via the inhibition of T cells proliferation and protect damaged tissues via the paracrine mechanisms. Table 1 summarizes a list of up-going and completed clinical studies that investigated the effectiveness and safety of MSCs in MS treatment. The results have revealed that MSCs injection safely decreases the brain lesions and disease severity and consequently improves the quality of life in these patients.
Bone marrow-derived MSCs
Bone marrow tissue is an important source of MSCs which are essential for blood cells production (33) . MSCs derived for bone marrow tissue have the ability to be differentiated into several cell types due to their multipotential properties. Intravenous administration of these MSCs is now considered as a safe and novel therapeutic tool for MS therapy. So far, several clinical trials evaluated the effectiveness of bone marrow derived MSCs in MS disease treatment ( Table 2 ). Several investigations revealed that injection of bone marrow-derived autologous MSCs improves the disease severity, cognitive function and quality of life of MS patients through the neuroprotective and antiinflammatory properties (35) .
Adipose-derived MSCs (ADMSCs)
Human adipose-derived stem cells (ASCs) have been extensively applied in stem cell research. These cells can be isolated from adipose tissue through the enzymatic digestion. They are also clinically used in tissue engineering and reconstruction, as well as in cell-based therapies. Experimental studies revealed that ASCs can differentiate into myelin-producing cells and compensate myelin loss in MS disease models (40, 41) . ASCs have been frequently used in clinical studies involving both autologous and allogeneic models. Several studies have reported that injection of ADMSCs is safe without any adverse effects (42) . Fat cells are abundant in different tissues, especially in abdominal tissue and hip area and, therefore, they can be easily and safely isolated from substantial tissues by liposuction method. In a recent clinical trial study on 34 patients who underwent lipectomy for ADMSCs collection, only one serious adverse event was reported (12) . Several lines of studies considered the effect of ADMSCs in MS treatment ( Table 3 ). The results of these clinical studies showed that ADMSCs therapy is a safe method which improves MS disabilities such as sexual problems and social activities in these patients.
UCMSCs
UC is a perinatal and easily attainable tissue which can be used as a significant source of stem cells without ethical problems (43 
Human fetal-derived neural stem cells (hNSCs)
Several clinical studies have investigated the efficacy and safety of hNSCs in repairing the damage caused by MS. HNSCs are obtained from brain specimens of several fetal human donors from spontaneous miscarriages occurred after the 8 th week after conception (48) . Because these cells are the precursors of neuronal cells, they can be considered as one of the best treatments for MS patients. But due to ethical reasons and the lack of the same opportunity to make these cells, it is difficult to use them. A recent study has reported that engrafted hNSCs are able to migrate and differentiate into glial and neuronal subtypes (49) . This study demonstrated that hNSCs transplantation can improve cognitive abnormalities in irradiated animals. In a clinical trial, Shin et al. (50) considered the safety and neurological effects of hNSCs injected into the injured cord of patients with traumatic cervical spinal cord injury. Their findings revealed that the hNSCs transplantation is safe and provides neurological benefit for at least one year after transplants.
MSC-derived neural progenitors (MSC-NPs)
MSC-NPs are an important source of MSCs cells for efficient treatment of MS in preclinical model. Recent study has examined the possibility of MSC-NPs administration to improve CNS repair in MS (51) . MSC-NPs showed a consistent gene expression pattern and increased homogeneity to neural commitment. Compared to MSCs, the expression pattern of mesodermal markers and the potential of adipogenic or osteogenic differentiation in MSC-NPs were decreased. This finding suggests the reduced potential of mesodermal differentiation of MSC-NPs during CNS transplantation. Furthermore, it was identified that MSC-NPs have the ability to enhance the differentiation of oligodendroglial in brainderived neural stem cells which was associated with bioactive factors secretion. These findings indicate that the immunoregulatory activity of MSC-NPs may have therapeutic application for MS disease (52) . Experimental studies showed that intrathecal injection of MSC-NPs with experimental allergic encephalitis can improve repair and recovery in MS disease (EAE). Multiple injections of MSC-NPs were associated with a significant improvement in neurological function, while a single injection of MSC-NPs had no therapeutic effect on MS disease improvement. MSC-NPs injection was also associated with a significant reduction in area of demyelination and immune cell infiltration, while the number of endogenous nestin-positive progenitor cells was significantly increased in EAE mice.
These findings indicate the MSC-NPs positively affect the number of endogenous progenitors in the spinal cord and subsequently improve the repair process. Therefore, these data support the use of autologous MSC-NPs in CNS repairing in patients with MS (53) . However, only two clinical trial studies used the effectiveness of MSC-NPs in treatment of neural injury in MS patients.
Hematopoietic stem cell
Hematopoietic stem cell transplantation (HSCT) is a is type of cell-based therapy for hematopoietic disorders (54) . HSCT is particularly developed for the treatment of hematological malignancies such as bone marrow failure syndromes, lymphoma, and leukemia (55) . Recent investigations have proposed that HSCT can prohibit MS disease progression for 4-5 years in 70-80% of patients. This rate is higher than those obtained from the other MS therapies (56) . Young patients and those with ambulatory and inflammatory MS activity are most likely to benefit from autologous HSCT are (57) . However, further clinical trial studies are necessary to examine the safety, effectiveness, and cost-effectiveness of HSCT on highly active MS drugs (55, 58) . Currently, a randomized clinical trial study is investigating the effectiveness of autologous HSCT using a low intensity, non-ablative conditioning regimen with cyclophosphamide and antithymocyte globulin (ATG) compared to treatment with the currently presumed best available immunomodulatory medication (alemtuzumab) in RRMS patients with significant inflammatory disease activity in spite of ongoing immunomodulatory MS treatment (55) . If the treatment efficacy of HSCT is better than the currently most efficacious standard, immunomodulatory treatment in randomized treatment trials, HSCT will likely be approved as a part of the standard treatment recommendations for a significant proportion of RRMS patients. A randomized study regarding with statistical power to evaluate the clinical outcome of autologous HSCT compared to a standard immunomodulatory treatment in MS has not yet been published (NCT03477500). Except for Sweden, HSCT is currently not registered as a part of standard MS treatment in the public health services of Europe. The HSCT regimen for the study will be identical to the regimen used in similar patient populations in Sweden, Norway and Denmark.
Clinical trial studies between 2003 and 2014 determined the relationship between non-myeloablative HSCT and neurological disability and other clinical findings in MS patients (59) . Data showed that EDSS score was significantly improved from a pretransplant median of 4.0 to 3.0. Additionally, the neurologic rating scale score was significantly improved from a pretransplant median of 74 to 88.0. Interestingly, total quality-of-life score was significantly increased from 46 to 64. Table 5 shows all clinical trials that investigated the effectiveness of HSCT for MS disease.
Conclusions
MS is an autoimmune disease and complex disorder of the CNS which is associated with the loss of axon basically long-term progressive disability. Unfortunately, there is no effective therapeutic method for MS disease and current medications can only manage and relieve the progress of the disease but not treat it thoroughly. Recent investigations have shown that cell-based therapies are able to repair CNS and can protect it against inflammatory responses caused by immune system (65) . Cell-based therapies have provided a new window for the prevention and treatment of different neurodegenerative diseases such as MS, Parkinson's disease (PD), Alzheimer's and amyotrophic lateral sclerosis (ALS). The efficacy and safety of different stem cells have been determined and reported by several clinical trials. It is well-documented that most of the stem cells used to treat MS disease are adult MSCs due to their safety and easily extraction methods. Bone marrow is the major source of MSCs. The UC stem cells are also a good option for MS treatment because of their multipotent and highly differentiated potential. However, a cell bank is needed to supply and maintain these cells. Adult adipose tissue stem cells are one of the most suitable cells for MS treatment. Firstly, the separation of the adipose tissue is easy and can be provided from different parts of the body. Secondly, the amount of stem cells produced per unit area is high and during a sampling of the adipose tissue, a large number of stem cells can be isolated. Thirdly, the cost of stem cell transfusion from the adipose tissue is not expensive. Meanwhile, adipose MSCs, such as the adult stem cell group, are very safe to use. These advantageous make the ASCs as an appropriate candidate for the treatment of MS. HSCs are the other types of stem cell which have been used in several trials for MS treatment and caused significant improvements in quality-of-life, neurologic disability, and functional scores after cell therapy (64) . Neuronal stem cells are a potential source of highly digestible semidifferentiated cells which can be rapidly replaced by damaged neuronal cells. However, this method requires a number of aborted fetuses that make it very difficult for the production of neuronal stem cells. 
